AD 


Award  Number:  W81XWH-04-1-0661 


TITLE:  Induction  of  Ephs/Ephrins-Mediated  Tumor  Cells-Endothelial  Cells  Repulsion 
as  an  Anti-Cancer  Therapeutic  Approach 


PRINCIPAL  INVESTIGATOR:  Gerald  Batist,  M.D. 


CONTRACTING  ORGANIZATION:  S.M.B.D.  Jewish  General  Hospital 

Montreal,  Quebec  H3T  1E2 
Canada 

REPORT  DATE:  September  2005 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

01-09-2005  Annual  16  Auq  2004  -  15  Auq  2005 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 

Induction  of  Ephs/Ephrins-Mediated  Tumor  Cells-Endothelial  Cells  Repulsion 

as  an  Anti-Cancer  Therapeutic  Approach  5b.  grant  number 

W81XWH-04- 1-0661 

5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


6.  AUTHOR(S) 

Gerald  Batist,  M.D. 


E-mail:  iian.h.wu(a)mcqill.ca 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

S.M.B.D.  Jewish  General  Hospital 
Montreal,  Quebec  H3T  1E2 
Canada 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

Eph  receptors  constitute  the  largest  family  of  receptor  tyrosine  kinases.  They  comprise  8  type  A  receptors  and  6  type  B 
receptors.  Originally  identified  as  neuronal  pathfinding  molecules,  where  they  guide  the  migrating  cells  to  specific  tissue 
targets,  they  are  an  essential  component  in  vascular  assembly  regulation,  including  during  angiogenesis,  and  in  embryonic 
development.  Ephs  interact  with  membrane-bound  ligands,  the  Ephrins,  of  which  8  have  been  found  to  date  (Ephrin-AI  to  5 
and  Ephrin-BI  to  3). 

We  hypothesize  that  manipulating  Eph/Ephrin  interactions  could  prevent  attraction  and/or  induce  repulsion  between  tumor 
cells  and  endothelial  cells.  The  goal  is  to  take  advantage  of  Ephs/Ephrins  interactions  to  turn  endothelial  cells  into  a  barrier  to 
metastatic  tumor  cells  entering  the  blood  flow  through  vascular  endothelial  cells,  or  exiting  the  flow  through  bone  marrow 
endothelial  cells  in  the  direction  of  their  specific  metastatic  sites.  To  test  our  hypothesis,  we  first  performed  a  profiling  of  breast 
cancer  cells  with  regard  to  the  expression  and  activation  levels  of  various  Ephs/Ephrins.  We  found  that  the  EphB2  receptor  is 
overexpressed  in  almost  50  %  of  the  cancer  cell  lines.  Similarly,  the  Ephrin-B2,  which  is  a  ligand  to  EphB2,  is  also  strongly 
expressed  in  over  50  %  of  the  cancer  cell  lines  while  not  found  in  benign  cell  lines.  Another  EphB2  ligand,  Ephrin-BI,  is 
present  in  all  normal  cells  but  lost  in  4  out  of  11  cancer  cell  lines.  We  also  found  that  EphB2  could  be  subject  to  defects  in 
phosphorylation  and  response  to  the  ligand.  We  are  investigating  attractive/repulsive  behaviour  of  tumor  cells,  with  different 
expression  levels  of  EphB2  and  EphrinBs,  towards  endothelial  cells  and  vice-versa.  Next,  we  will  study  the  invasive  and 
metastatic  potential  of  tumor  cells  with  different  expression  levels  of  Ephs/Ephrins  in  vivo. 


15.  SUBJECT  TERMS 

Eph,  Ephrin,  breast  cancer,  metastasis 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

OF  ABSTRACT 

OF  PAGES 

USAMRMC 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

19b.  TELEPHONE  NUMBER  (include  area 

U 

U 

U 

uu 

7 

code) 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.1 8 


Table  of  Contents 


Cover . 

SF  298 . 

Table  of  Contents . 

Introduction . 1 

Results . 1 

Key  Research  Accomplishments . 4 

Conclusion . 4 

References . 4 


INDUCTION  OF  EPHS/EPHRIN  S-MEDIATED  TUMOR  CELLS- 
ENDOTHELIAL  CELLS  REPULSION  AS  AN  ANTI-CANCER  THERAPEUTIC 
APPROACH. 


Gerald  Batist 


Lady  Davis  Institute,  SMBD-Jewish  General  Hospital,  and  Department  of  Oncology, 
McGill  University 


INTRODUCTION 

Eph  receptors  constitute  the  largest  family  of  receptor  tyrosine  kinases.  They 
comprise  8  type  A  receptors  and  6  type  B  receptors.  Originally  identified  as  neuronal 
pathfinding  molecules,  where  they  guide  the  migrating  cells  to  specific  tissue  targets, 
they  are  an  essential  component  in  vascular  assembly  regulation,  including  during 
angiogenesis,  and  in  embryonic  development.  Ephs  interact  with  membrane-bound 
ligands,  the  Ephrins,  of  which  8  have  been  found  to  date  (Ephrin-Al  to  5  and  Ephrin-Bl 
to  3).  Eph/Ephrin  interaction  induces  a  bidirectional  signaling  in  both  Eph-bearing  and 
Ephrin-bearing  cells  and  results  in  either  attraction  or  repulsion  between  the  two  partners 
of  the  interaction. 

Specific  interactions  between  Ephs  and  Ephrins  are  involved  in  restricting 
intenningling  between  different  cell  populations  by  inducing  either  cell-cell  attraction  or 
repulsion.  We  hypothesize  that  manipulating  Eph/Ephrin  interactions  could  prevent 
attraction  and/or  induce  repulsion  between  tumor  cells  and  endothelial  cells. 

RESULTS 

Task  1.  Ephs/Ephrins  profiling  of  breast  cancer  cell  lines. 

We  aimed  at  comparing  the  levels  of  expression  of  different  members  of  the 
Eph/Ephrins  family  in  cancer  versus  nonnal  human  mammary  epithelial  cells. 

Based  on  our  conclusion  that  cell  density  affects  expression  levels,  we  have  spent  some 
time  uniformizing  the  growth  conditions  of  different  cell  lines  in  order  to  have  an 
expression  pattern  that  is  reliable.  Also,  because  of  the  nonavailability  of  good  antibodies 
for  certain  proteins,  a  major  task  was  the  optimization  of  the  western  blot  experiments  for 
these  antibodies. 

As  shown  in  figure  1,  we  observed  a  differential  expression  of  the  Ephs/Ephrins. 
In  particular,  using  an  antibody  directed  at  the  N-tenninus  of  EphB2,  we  found  that  this 
receptor  is  overexpressed  in  almost  50  %  of  the  cancer  cell  lines.  Similarly,  the  Ephrin- 
Bl,  which  is  a  ligand  to  EphB2,  is  also  strongly  expressed  in  over  50  %  of  the  cancer  cell 
lines  while  not  found  in  benign  cell  lines. 
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FIGURE  1.  Western  blot  profiling  of  a  panel  of  human  breast  cancer  cell  lines  and  non¬ 
cancer  cell  lines,  checked  for  the  levels  of  expression  of  various  ephrin  ligands  and 
receptors.  Actin  staining  is  used  as  a  loading  control. 

We  also  performed  RT-PCRs  on  RNA  extracted  from  our  panel  of  cell  lines. 
Unlike  the  Ephrin-B2  ligand,  we  found  that  another  EphB2  ligand,  Ephrin-Bl,  is  present 
in  all  normal  cells  but  lost  in  4  out  of  1 1  cancer  cell  lines  (Figure  2).  Other  Ephrins  and 
Eph  receptors  did  not  show  a  particular  pattern  of  expression. 
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FIGURE  2.  RT-PCRs  using  RNA  extracted  from  different  breast  cancer  and  benign  cell 
lines.  Amplification  of  GAPDH  was  used  as  a  control  for  RNA  amounts. 

We  next  focused  on  the  EphB2  receptor.  As  part  of  the  characterization  of  this 
receptor  in  breast  cancers,  we  first  checked  whether  it  retains  its  phosphorylation  ability 
following  ligand  binding,  we  treated  different  cell  lines  with  a  soluble  form  of  the 
Ephrin-Bl  ligand.  As  shown  in  figure  3,  while  EphB2  phosphorylation  is  strongly 
induced  in  MCF-7  cells  which  have  low  levels  of  EphB2,  and  in  high  expressing  MDA- 
231  cells,  EphB2  was  only  moderately  phosphorylated  in  high  expressing  Hs578T  cells. 
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This  indicates  that  this  receptor  can  be  subjected  not  only  to  overexpression  in  breast 
cancer  cells,  it  could  also  be  subject  to  defects  in  phosphorylation  and  response  to  the 
ligand. 
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FIGURE  3.  Western  blot  of  different  breast  cancer  cell  lines  treated  with  a  soluble 
Ephrin-Bl-Fc  ligand  (Bl)  or  the  control  Fc  fragment  (Fc),  for  three  hours.  Staining  was 
done  using  an  anti-phosphoEphB2  antibody. 

In  addition  to  our  cell  lines  models,  we  are  currently  assessing  tumor  biopsies  for 
the  differential  expression  of  Ephs/Ephrins,  especially  EphB2  and  its  cognate  ligands, 
using  immunohistochemistry  (data  not  shown). 

Task  2.  Eph/Ephrins  overexpression  or  depletion  in  breast  cancer  cell  lines. 

We  next  designed  siRNA  sequences  for  the  EphB2  receptor  using  the  pSUPER- 
Retro  retroviral  system  (Oligoengine  inc.).  Three  sequences  were  chosen  in  the  EphB2 
open  reading  frame,  synthesized  and  cloned  into  the  pSUPER-Retro  vector.  Retroviral 
particles  were  prepared  in  Phoenix  packaging  cells  and  used  to  infect  three  different  cell 
lines  which  express  high  levels  of  EphB2  (MDA-231,  BT-20  and  Hs578T).  Multiple 
stable  clones  have  been  selected  and  we  are  in  the  process  of  characterizing  them  for 
EphB2  silencing  levels. 

Task  3.  Study  of  interaction  between  transfected  tumor  cell  lines  and  endothelial  cells  in 
vitro. 


We  are  optimizing  spheroid  formation  assays  for  MDA-231,  BT-20,  Hs578T 
breast  cancer  cell  lines  and  for  human  embilical  endothelial  cells  (HUVECs  available 
commercially).  Spheroids  will  also  be  prepared  from  EphB2  siRNA-transfected  cells 
obtained  in  task  2.  Once  optimized,  the  spheroids  will  be  assessed  in  breast  cancer- 
endothelial  cells  co-cultures.  Attempts  of  transendothelial  migration  assays  of  tumor  cells 
in  a  HUVECs  layer  have  been  made.  However,  we  are  also  still  optimizing  this  technique 
using  our  cellular  models. 


Task  4.  Metastatic  potential  of  transfected  tumor  cell  lines  in  vivo. 

This  task  has  the  following  experiments. 

a-  Subcutaneous  and  intravenous  injection  of  tumor  cells  to  nude  mice, 
b-  Tumor  growth  measurements,  bone  marrow  sampling  and  screening  for  metastatic 
cells  by  immunocytochemistry  using  anticytokeratin  antibodies 


3 


We  plan  to  completely  perfonn  these  experiments  within  the  next  year.  Data  analysis  will 
be  included  in  our  final  report. 


KEY  ACCOMPLISHMENTS 
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Induction  of  Ephs/Ephrins-mediated  tumor  cells-endothelial  cells  repulsion  as  an 
anti-cancer  therapeutic  approach. 

2)  M.  Kandouz,  J.  Zhao,  I.  Oviedo-Landaverde,  and  G.  Batist.  The  EphB2  Receptor 
Tyrosine  Kinase  is  a  Breast  Cancer  Tumor  Suppressor  Gene.  Manuscript  in 
preparation. 


CONCLUSIONS 

We  have  made  a  significant  progress  in  the  realization  of  this  project.  We  have  a  pattern 
of  expression  of  the  Eph/Ephrin  proteins  in  the  mammary  cells  and  we  have  a  candidate, 
EphB2,  for  the  proof  of  concept  of  our  therapeutic  strategy.  However  some  aspects 
needed  to  be  optimized  and  took  more  time  than  initially  predicted.  This  justified  our 
request  for  a  one  year  no-cost  extension  of  the  present  award.  We  will  make  use  of  the 
next  year  to  finalize  the  remaining  experiments  and  have  a  conclusion  regarding  our 
concept. 
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